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4,7-DICHLOROFLUORESCEIN DYES AS MOLECULAR PROBES 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation of Application No. 09/949,444 filed September 7, 
2001, which is a continuation of Application No. 09/580,754 filed May 30, 2000, now Pat. No. 
6,403,812 which is a continuation of Application No. 09/273,655 filed March 23, 1999, now Pat. 
No. 6,096,723 which is a continuation of Application No. 08/905,855 filed August 4, 1997, now 
Pat. No. 5,885,778, which is a continuation of Application No. 08/400,780 filed March 8, 1995, 
• now Pat. No. 5,654,442 which is a continuation of Application No. 07/939,813 filed September 
3, 1992, abandoned, which is a continuation-in-part of Application No. 07/436,455 filed 
November 14, 1989, now Pat. No. 5,188,934, which are all incorporated herein by reference. 

Field Qffha Invantton 

10 The Invention relatee generally to fluoraecent iabelUng technlquee. and more peitlculafly. 

to the use of 4.7-dichiofOfluomscelns for detecUng muHipie tefget sutetences in the srnia 
sample. 

BACKQRQUND 

15 Many diagnostic and analytical techniques require ttiat multiple taiget substances In the 

same sample be labelled «vlth distlnQulshable fluorescent taoes. e.o. Lanier et al. J. ImmunoL. 
Vol. 132, pos. 151-156 (1M4)(now cytometfy): Gray et al. Chromosoma, Vol. 73. pgs. 9-27 
(1979)<noMf system karyolypino): Fung et al. U.S. patent 4.855.225 (DMA sequendno): and 
Mayrmd el al. Applied and Theoretical Eleciroplwfesls. Vol. 3. pQS. 1-11 (1002^ 

20 etodiupiKNeUcalty separated polymerase chain reaction (PCR) products). This requirement it 
partlculaffy (mncuK to satisty In ONA sequence analysis where at least four spectrally reaolvaM 
dyes are needed in most automated sequendng approaches. 

Praaenny. there are AMObaale approaches to DMA sequence detsmilnatlon: ihedMMsy 
chain temUnallon method, e-o. Sanger et al. Prec Natl. Acad. Sd.. VoL 74. pga. 5463-5467 
25 n0771; and the ishemleal daaiatlMan mathflrf m n Uavm m» mi OfKi lM, ^ - ^a*- 
P0a.500<^64 (1077). The chabi terafilnatlon method has been improved in several %tfay8. and 
aenres as the basis for an cunently available automated DNA sequendno machines. e.o. Sanger 
et al. J. Mol. Btoi ■ Vol. 143. pgs. 161-178 (1080): Schreier et al. J. Mm. Btoi vol. 120, pgs. 160- 
172 (1070): Smith et al. Nuctole Adda WeMaich. Vd. 13. pgs. 2300-2412 (1085): 35Smlth et al. 
tdHUCB. Vd. 321. pgs. 674-670 (1087); Prober et al. SSlaBSa. Vol. 238, pgs. 336-341 
(1087).Sectlon II. Math. gnivmoL. Vol. 155. pgs. 51-334 (1087): Churdi et al. Sdenea. Vol 240. 
pgs. 185-188 (1088): end Conndl et al. Blotechniques. Vol. 5. pgs. 342-348 (1087). 

Both th chain tamiinatlon and chemical degradation methods require the generation of 
on or more seta of latMled ONA fragments, each having a common origin and each terminating 
with a icnown base. The set or sets of fragments must then be seperated by size to obtain 



sequence information. In both methods, the DMA fragments are separated by high resolution gel 
electrophoresis. In most automated DMA sequencing machines, fragments having different 
tennlnating bases are labeled with different fluorescent dyes, which are attached either to a 
primer, e.g. Smith et al (1987, dted above), or to the base of a terminal dideoxynucJeotlde. e.o. 
Prober et al (crted above). The latMled fragments are combined and loaded onto the same gel 
column for electrophoretic separation. Base sequence is determined by analyzing the 
fluorescent signals emitted by the fragments as they pass a stationary detector during the 
separation process. 

Obtaining a set of dyes to label the different fragments is a major difficulty in such DMA 
sequencing systems. Rrst. it is difficult to find three or more dyes that do not have significantly 
overlapping emission bands, since the typical emission band halfWfdth for organic fiuorescent 
dyes is about 40-80 nanometers (nm) and the %vidth of the visible spectrum is only about 350-400 
nm. Second, even when dyes with non-overlapping emission bands are found, the set may still 
be unsuitable for DNA sequencing if the nespecUve fluorescent efficiencies are too low. For 
example. Prfngle et al. DNA Core FadlHies Newsletter. Vol. 1. pgs. 15-21 (1988). present data 
Indicating that increased gel loading cannot compensate km fluorescent efficiencies. Third, 
when several fluorescent dyes are used concurrently, excitation becomes difflcuit because the 
absorpUon tmnds of the dyes are often widely separated. The most effident excitation occurs 
when each dye is illuminated at the wavelength corresponding to its absorption band maximum. 
When several dyes are used one is often forced to malce a trade off between the sensithrity of 
the detection system and the Increased cost of providing separate excitation sources for each 
dye. Fourth, when the number of differently sized fragments in a single column of a gel is 
greater than a few hundred, the physiochemicai properties of the dyes and the means by which 
they are linked to the fragments become crftlcaliy Important The charge, molecular weight, and 
confonmation of the dyes and linkers must not adversely affect the electrophoreUc mobiliUes of 
doseiy sized fragments so that extensive band broadening occurs or so that band positions on 
the gel become reversed, theroby destroying the correspondence between the order of bands 
and the order of the bases in the nucleic ackl whose sequence is to be detenmlned. Finally, the 
fluorescent dyes must be compatible with the chemistry used to create or manipulate the 
fiBgments. For example, in the chain temfiination method, the dyes used to label primers and/or 
the dMeoxy chain terminators must not interfer with the activity of the polymerase or reverse 
transcriptase employed. 

Because of these severe constraints only a few sets of fluorescent dyes have been found 
that can be used in automated ONA sequena'ng and in other diagnostic and analytical 
technkiues. e.g. Smith et al (1985. cited above); Prober et al (cited above); Hood et al. European 
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patam application 8800060: afid Connall at al (dtad abova). 

In ylaw of tha alMva. many analytical and dlagnosUc tachniqijas. audi as ONA 
aaquandno. would ba slgnMeantly advanced by tha availabUlty of naw fluoraaoant dyas (1) wMcti 
ara phyalochamlcally similar to readily available dyas. (2) which pannH detection of apadally 
ovadappino laiQal aubatanoas. such as dosaly spaced bands of DMA on a gal. (3) which axtond 
lha numbar of baaas that can ba determined on a sinoie gel odumn by cunrant methods of 
automated ONA aaquandno. and (4) which ara amenable for use wNh a wide range of 
praparativa and manlpulaUva techniquea. 

SUMMARY OF THg IMVgMTIQM 

Tha Invanlion to dbectad to a HMthod of ooncumnlly datedino apadal^ ovw^^ 
taigd aubatanoas udno4jHlichlorofluorascain dyas. and In partieular. malhodaorONA 
aaquanoa detemrinatlon employing 4.7-dlchlorafluoraaoain dyes. The Invention also Includes 
r.TVdidilora-S (and 6-)eafbo)v4.7.^chlorefluora8caln defined by Ponmila I. 
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wherein: 

A' is hydrogen. Huoro. chloro, a linidno functionality, such as isothlocyanate. sucdnimldyl 
cartMxylate. or phosphoramidite. or a group, such as cart>oxyl. sulfonyl, or amino, that may be 
converted to a tinlcing functionality: preferably A' is a linking functionality or a group that may be 
converted to a linldng functionality; 

X" is hydrogen, fluoro or chloro. such that whenever A' is a substituent of the 8 cartoon 
atom X" is a sut)stituent of the 5 cart)on atom, and whenever A' is a sut)stituent of the 5 cartoon 
atom X* is a substituent of the 6 car1x3n atom; preferably, X* is hydrogen; 

Z3 is hydrogen, fluoro. chloro, a linicing functionality, such as isothlocyanate, 
sucdnimldyl cartx)xylate. or phosphoramidite. or a group, such as cartMxyl, sulfonyl. or 
nMthylamlno. that that may be converted to a linldng functionality: preferably. Z3 Is hydrogen or 
chloro; 

Z4 Is hydrogen, fluoro, chloro. a linking functionality, such as isothlocyanate. sucdnimkJyl 
carboxylate. or phosphoramidite. or a group, such as cartooxyl. sulfonyl. or methylamino. that 
may be converted to a linking functionality; preferably. Z4 Is hydrogen or chloro; 

B* is fluoro. chloro. or an ackllc anionic group; preferably. B* Is cartx>xyl or 
sulfonyl. and most preferably B* is cart)oxyl; 

and wherein at least one of A*. Z3, and Z4 is a linking functionality or a group that nnay 
be converted to a linking functionality. Preferably, only one of A', Z3. and Z4 Is a nnMng 
functionality or a group that may be converted to a linking functionality. 

The invention also Includes kits for carrying out the method of the invention. Generally, 
kits are provMed for detecting a plurality of eiectrophoretically separated classes of DNA 
fragments. In particular, kits are included for carrying out DNA sequencing wherein at least one 
class of primer extension product is fluorescently labelled with a 4,7-dichlorofluoresceIn dye. 
Such DMA sequencing kits Include kits with dye-labelled primers and. as an altemath/e 
embodiment, kits with dye-labelled tenminators. 

Throughout, the Colour Index (Association of Textile Chemists, 2nd Ed.. 1971) cart>on 
numbering scheme is used, i.e. primed numt>er5 refer to cartoons in the xanthene structure and 
unprimed numt)er5 refer to cartoons in the 9 -phenyl. 

The Invention is tuised In part on the discovery that the fluorescent properties of 4,7« 
chloro-5- (and e-)cartx>xyfluorescein and related dyes are highly favorable for use as molacular 
pret>es. Their emission l>and wklths are generally 20-30 percent narrower than analogs lacking 
the 4.7-dichloro derivatives, their emission and at»orption maxima are at wavelengths generally 
atx>ut 10-30 nm high r than analogs lacking the 4,7-dlchloro derivatives, and their flu rescent 
ffldend s are high, in som cases t>eing neariy tripl those of analogs lacking the 4,7-*dichloro 



Pag 4 



dortvaUvas. 



DETAILED DESCRIPTIOW QP THg IKn/P|f|-fi;yf>f 
As mentioned above, the invention Is ttaaed in part on the discovery of a rf m^ of 
fluorescein dyes that have absoptlon and emission maxima al unusually long ««av«lanoths, 
narrow emission (mtkI widths and other favorable fluorescent properties. In addition, the 
invention includes the novel fluorescein analogs defined by Fonnula I as members of this class 
of dyes. These dyes permit the assembly of novel sets of spectrally resolvable, 
physlochemically similar dyes particularly useful in automated DMA sequence analysis. 

As used herein the temi -spectrally resolvable* in reference to a set of dyes means that 
the fluorescent emission bands of the dyes are suffldently dIsUnct. I.e. sufficiently non- 
overfapping. that target substances to which the respecthre dyes are attached, e.g. 
polynucleotides, can be distinguished on the basis of the fluorescent signal generated by the 
raspeeUve dyes by standard pholodetactlon systems. e.g. employing a system of band pass 
flHere and photomultipller tubes, or the like, as exempllfled by the systems described in U.S. 
patents 4.230.558. 4.811.218. crthe liiw. or in Wheeiess et al. pgs. 21-78, in RowCvtomatnr 
InstrumentaHon and Data Anaiwsia (Academic Prass. New Ywk, 1989. 

The term lower alicyr as used herein directly or in connection with ettiers denotes 
straight-chain and/or branched chain aiicyl groups containing from 1-8 carbon atoms, ^.g. tlM 
tenn includes methyl, ethyl, propyl, fsopropyl. tart-butyl, isobutyl. and tha like. iMore preferably, 
the tenn "lower alkyr denotes an alkyi having flnom 1 to 3 carbon atoms. 

The term "halo* as used herein denotes the hatogen atoms fluorine, chlorine, bromine, 
and Iodine; more preferably, the term denotes fluorine or chtorfne; and most preferably, the term 
denotes chlorine. 

Preferably, the 4.7-dtehtoro-5- (and 8-) cartMu^uorasoeln dyes of the inventkxi Inchjde 
those defined by Formula 11. 
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Pomiula H 

wherein: 

A\ er and X are defined as above; 
20 Zi ie hydrogen or. %vhen taken with Z2» benzo; 

Z2. when taken alone, is hydrogen, halo, lower alkyl. k)wer alkyloxy. or a group, such as 
caitMixyl. sulfbnyl. or methyiamino. that may be converted to an acUve linking ftmctlonattty. or 
when taken with Zi . Z2 is methyiamino. that may be converted to an active linking functionaltty. 
or when taken with Z5. 26 is benzo; preferably, when taken atone, is hydrogen, methyl, ethyl. 
25 fluoro. chtoro. methoxy. or ethoxy; 

and wherein at least one of A. Z2. Z3. Z4. and Zs is a group that may be converted to an 
linking ftincttonalHy. PrsferaMy. only one of Z2. Z3. Z4. and Z5 is a group that may be 
converted to an acUve linking functtonaiity. 

Many dyes for use In the inventton are commercially available or can be synthesized by 
30 technkiues known In the art. e.g. Ghatak at al. J* Ind. Chem. 80a. Vol. 6. pgs. 465-471 (1820); 
and Khanna et al. U.8* patent 4.439.356. Allemathrely, fhjorescein anatogs. Le. A«B^rt)oxyl. 
can be synthesized by rsacting substituted resordnoi with substituted benzophenone or with 
substituted trfmellltic acM in the presence of proptonic ackl. as iOustrated in the examples. 
Suifonyffluoresceins. i.e. A or b1s sulfonyl. are synthesized foltowing the methods disclosed by 
35 Lee et al. Cyt metry. Vol. 10, pgs. 151-164 (1080). modified by substRuUng appropriate readants 



Page 6 



toolv«5.or6^rt)oxy|.or8ulfonylfluorMcelnproduct». Praferabiy.vwh niabelino 
polynucleotides In DMA sequendng the $. and 0- laomeis of the dyes am used sepwateiy 
because they typically have slightly difTersnt electrophoretic mobilities that can lead to band 
broadenino If mbdures of the isomers srs used. The 5- and 6- isomeo of the dyes are readily 
separated by reveree phase HPUC. e.o. Edmundson et ai. Moi. Immunol.. Vol. 21. pg. 981 
(1 884). Qenarally. 11 Is befoved that the firet eiutf ng peak is the 8- isomer and the second eluUng 
peak is the 5> Isomer. 

Dyes of the Inventfcm can be attached to taiget substances by a variety of means well 
kn«»«lntheait For example. Hauoland. Handbo»it m p^^^ „^ ^^^^^^^^ 

Sbanasah (Molecular Prebes. Inc.. Eugene. 108« prevWesguWance and examples of means 
KorHnkbigdyestotafaelsubatanoas. SubatHuantAlsoonvaitadloalnklngftinctlonalllylhat 
can be reacted %»^llh a complemenlwy lUnclkMiallly on a taigat aubatanoe 
The folloi«*no table lists IBualretlve inklno Ikmcltenal^ 

caiboxyl. sulfbnyl or amine, suilable complementary ftmctkmaOlles. and the resulting linking 
groups suitable for use wMi the Inventton. 



Unking 



Complementaiy 
-A/ Hi 



Unking 
Group 



-A/A/, 



o ^ 

ir 
o 
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Preferably the linking functionality Is Isottikx^anate. suifonyl chloride, 4.6- 
dichloretriazinylaniine. or suocbUmidyi carboxylate «vheneverthe complementary functionality is 
amine. And prefisrebly the llnldno functionality is maleimide. or iodoacetamide whenever the 
oomplementafyftinctionaillyissulfhydryi. Sucdnimidyl cartxMyiates can be ftomied by 
oondenaino the S- and/bre-carboxyls of the above dyes wHh N-hydraxysucdnlmide using 
dlqrdohaxylcartodnmide (DCC). e.g. as illustrated in examples 6 and 8 of Khanna et al, U.S. 
patent 4,318.846. and Kasal et al. Anal. Cham Vol. 47. pgs. 34-37 (197^. Accordingly, these 
references are irKXjrporated by rsferenoe. Dye phosphoramldites are formed as taught t)y Stein 
et al. Gene. Vol. 72. pgs. 333-341 (1989: Fung et al. U.S. patent 4.757.141; European patent 
appRcation 881 16946.8 fDed 13 September 1989; and European patent appHcaUon 88307934.S 
fUed 26 August 1988. Substituents Rf . R2. and R3 can talce a variety of Ibons. e.g. as taught by 
Beaueage et al. Tetrahedron. Vol. 48. pgs. 2223-2311 (19K9: Canithers. pgs. 47-94 in Narang. 
editor. Synthesis and AppHcations of DMA and RNA (Academic Press. New 4887); and the 
like. Preferably. and R2. taken separately, aro methyl, ethyl, or Isopropyl. and R^ and R2. 
taken together with the nitrogen to which they are attached. Is a heterocyde having tnm four to 
eight cartMn atoms and one to two heteroatoms selected from the group consisting of nitrogen, 
oxygen, and sulfur. More preferably. Rf and R2. taken together with the nitrogen to which they 
are attached is morphollno. Preferably. R3 is selected from the group consisting of methyl, 
chloroph nyl. p-cyanoethyl. methylsulfonylethyl. and nitrophenylethyl. Preferably, th 
phosphoramkJIte-d rived linking group is oxMized to form a phosphorus(V) linkage, e.g. as 
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taught by Beaueage «t al (dted above): Stec et al. PCT application PCT/US01/01010; Baaucag* 
at al, U.S. patent 5.003.097; or the like. 

When dyes of the invention are used to label dideoxynucleotides for DMA sequencing, 
preferably they are linked to the 5 carbon of pyrtmkJine bases and to the 7 carbon of 7- 
5 deazapurine bases. For example, several suttable base labeling procedures have been reported 
that can be used with the invention, e.g. Gibson et al. Nudeic AcMs Research. Vol. 15. pgs. 
8455-6467 (1087): Gebeyehu et ai. Nucleic Adds Research. Vol. 15. pgs. 4513-4535 (1087); 
HaralambkJis et ai. Nudek: Adds Research. Vol. 15. pgs. 4858^76 (1987); and the like. 
Preferably, the linking group between the dye and a base is formed by reading an N- 
10 hydroxysucdnimWe (NHS) ester of a dye of the inventfon with an alkynylamino^erivatized base 
of a dMeoxynudeotkle. Preferably, the linking group is 3-cait)oxyamino-1-propynyl. The 
synthesis of such aikynyiamino-derivatized dkleoxynudeotkles is taught by Hobbs et al in 
European patent application number 87305844.0 and U.S. patent 5.047.519. whtoh are 
incorporated herein by reference. Briefly, the aikynyiamino-derivatized dhJeoxynudeotktes are 
1 5 formed by pladng the appropriate halodMeoxynudeoskle (usually 5-iodopyrimMine and 7-iodo>7- 
deazapurine dkleoxynudeoskles as taught by Hobbs et ai (dted above)) and Cu(0 in a flask, 
flushing with Ar to remove air. adding diy DMF. followed by addiUon of an alkynylamine, 
trfethylamlne and Pd(C9. The reaction mbdure can be stln«d for several hours, or unUI thin layer 
chromatography indicates oonsumption of the halodMeoxynudewride. When an unprotected 
20 alkynylamine is used, the alkynylamino-nudeosMe can be isolated by concetraling the rMcOOn 
mbdure and chromatographing on silica gel using an eiuting soh/ent which contains ammonium 
hydroxkle to neutralize the hydrohallde generated in the coupling reactkui. When a protected 
alkynylamine Is used, methanol/methylene chtoride can be added to the reaction mbdure. 
followed by the bicarbonate fbmi of a strongly basic anion exchange resin. The slurry can then 
25 be sUrrsd for about 45 minutes, flKered. and the rasin rinsed with addittonalmethanol/lnethylene 
chloride. The combined filtrates can be concentrated and purified by flash-chromatography on 
silica gel using a methanoMnethyiene chloride gradient. The triphosphates are obtained by 
standard techniques. 

Target substances of the invention can be virtually anything that the dyes of the 
invention can be attached to. Preferably the dyes are covalently attached to the target 
substances. Target substances indude proteins. polypeptMes. peptides, polysaccharMes, 
polynudeotkles. lipMs. and combinations and assemblages thereof, such as chromosomes, 
nudei. living ceils, such as baderia. other microorganisms, and mammalian cells, tissues, and 
the like. As used herein the term 'polynudeotkt ' means a single stranded or double stranded 
chain of ONA or RNA in the size range of a few bases in length to several thousand bases in 
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length, e.g. from 6 to a few lens to several hundreds or to several thousands of bases In length 
(If single stranded), or In the size range of a few t»asepalrs in length to several thousand 
iMsepairs In I ngth, e.g. from 6 to a few tens to several hundred or to several thousand 
basepairs In length (If double stranded). 

A number of complementary functionalities can be attached to the 5* or 3* ends of 
synthetic oligonucieotides and polynucleotides, e.g. amino groups. Fung et al. U.S. patent 
4.757.141 and Miyoshi et al. U.S. patent 4.605.735; or sulfhydryl groups, Connolly, Nueiftie 
BflSaaiSlL Vol. 13, pgs. 4485-4502 (1985), and Spoat et al. Nucleic Adds Research. Vol. 15. 
pgs. 4837-4848 (1987). 

Dyes of the Invention are particularly well suited for identifying classes of 
polynucleotides that have been subjected to a biochemical separaUon procedurv. such as gel 
electrophoresis, where a series of bands or spots of target substances having similar 
physlochemlcal properties, e.g. size, confomiation, charge. hydrophoWdty, or the like, are 
present in a linear or planar aniangement. As used herein, the term "bands* includes any spadai 
grouping or aggregation of target substance on the basis of similar or identical physiochemical 
properties. Usually bands arise in the separation of dye-polynudeotlde conjugates by 
electrophoresis, particularly gel electrophoresis. 

aasses of polynucleotides can arise in a variety of contexts. For example, they can 
arise as products of restriction enzyme digests, or as extension products in polymerase or ligase 
reactions. Preferably, classes identified in accordance with the invention are defined in terms of 
tenfninal nucleotides so that a correspondence is established between the four possible terminal 
bases and the members of a set of spectrally resoh/able dyes. Such sets are readily assembled 
from the dyes of the invention by measuring emission and absorption tMindwIdths with 
commercially available spectrophotometers. More preferably, the classes arise in the context of 
the chemical or chain tenmination methods of DMA sequencing, and most preferably the dassee 
arise in the context of the chain termination method. In either method dye-polynudeotide 
conjugates are separated by standard gel eiectrophoreUc procedures, e.g. Gould and IMatthews. 
cited above; RIclcwood and Hemes. Eds.. Gel Electrophoresis of Nude ic Adds: A Practieai 
APprpagh. (IRL Press Limited. London, 1981); or Ostenman. Methods of Protein and Nudeic Add 
Rgg^flf^. Vol. 1 (Spdnger-Verlag. Berlin, 1984). Preferably the type of gel is polyacrylamide 
having a concentration (weight to volume) of between about 2-20 percent. More preferably, the 
polyacrylamide gel concentration is between about 4-8 percent. Preferably the gel indudes a 
strand separating, or denaturing, agent. Detailed procedures for constmding such gels are given 
t>y Maniatis et al.. "Fradionation of Low Molecular Weight ONA and RNA in Polyacrylamide 
Gels Containing 98% Fomiamide or 7 M Urea," In Methods in En^vmoioov Vol. 65. pgs. 299- 
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305 (1080); Maniatia at al.. 'Chain Langth Oat rmination of Small Ooubia- and Singla-Strandad 
ONA Molacul a by Polyacrylamida Gal Elactrophorasls.* Biochamlstfv . Vol. 14. pgs. 3787-3794, 
(1075): and Maniatia at aL. Molacular CloninQ: A Laboratory Munum (Cold Spring Harbor 
Laboratory. New York. 1082). pga. 179-185. Accordingly thaaa rafarances ara incorporated by 
referance. The opUmai gel concentraUon. pH. temperature. ooncentraUon of denaturing agent, 
etc. employed in a particular separation dependa on many factors. Including the size range of the 
nucleic acids to be separated, their base compositions, whether they are single stranded or 
double stranded, and the nature of the daases for which infonmation is sought by electrophoresis. 
Accordingly application of the invention may require standanl preliminary testing to optimize 
conditions for particular separations. Byway of example, polynucleotides having sizes in the 
range of between about 20-300 bases have been separated and detected in acconlanoe with the 
invention In the following gel: 8 percent polyacrylamide made from 10 parts to 1 part acrylamid 
to bis-acrylamide. formed In a Tris-borate EDTA buffer at pH 8.3 (measured at 25oc) with 48 
percent (weight/volume) urea. The gel was run atSOoc. 

The dya-polynucleotide conjugates on the gel are illuminated by standard means, e.g. high 
Intensity mercury vapor lamps, lasers, or the lilce. Preferably, the dye-polynudeotides on the gel 
are illuminated by laser light generated by a aigon ion laser, particularly the 488 and 514 nm 
emission lines of an argon ion laser Several argon ion lasers are available cornmercially which 
lase simultaneousiy at these lines, e.g. Cyonics. Ud. (Sunnyvale, CA) Model 2001. or the Dice. 

In the chain termination method, dyes of the invention can be attached to either 
primers or dideoxynudeotides. Dyes can be linlced to a complementary functionality on the 5' 
ehd of the primer. e.g following the teaching in Fung at al. U.S. patent 4,757.141 which Is 
incorporated herein l>y reference; on the base of a primer. e.g. following the teachings of Ward et 
al. U.S. patent 4.71 1 .955; directly to the 5'-hydroxyi via a phosphoramidtte Hnidng functionality: 
or on the base of a dideoxynudeotlde. e.g. via the allcynylamino linking groups disclosed by 
Hobbs et al. European patent application number 87305844.0 wiiich is incorporated herein by 
reference. 

Kits of the invention can take a variety of forms, but usually provide the means for the 
fluoresecent detecUon of multiple ONAs separated by size. Kits may be used for detecting 
amplified nucleic ackls separated by size (e.g. by electrophoresis), for DNA sequencing, and the 
like. Generally, the kits will include either an oligonucleotkie labelled with a 4,7- 
dichlorofluorescein dye. or in an embodiment of the DNA sequencing kit a dye-terminator mbc 
wherein at least one of the dye-terminators Is labelled with a 4.7-dichlorofluorecein dye. Usually, 
the dye-terminator is a dideoxynud oslde triphosphate, as d scribed above, labelled with a 
fluorescent dy . 
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Kits for detactino amplified nucleic adds comprise at least one olloonucleotlde laballad 
\with a 4,7<dichlorofluor8scein dye. an enzyme selected from ttie group consisting of nudeie add 
polymerase and nucleic add llgase. and a reaction buffer. Whenever the kit includes a DNA 
polymerase. K further includes a nucleoside triphosphate mix, e.g. a 50 mM aqueous solution of 
EDTA containing the appropriate concentration of nucleoside triphosphates for a particular 
application, e.g. amplification, sequencing, or the lilce. When the kit provkles a nucleoside 
triphosphate mix for DNA sequencing it is understood that such triphosphates include analogs, 
such as nucleoside-5-0>(1-thiotriphosphates). e.g. as taught by Lee et al. Nucleic Adds 
Research. Vol. 20. pgs. 2471-2483 (1902). Nudeic add polymerases indude ONA polymerases. 
RfsiA polymerases, and reverse transcriptases, and the like. Preferably, whenever the kit is for 
PGR amplifleation. the nudeic acid polymerase is Taq polymerase. e.g. as disdosed kyy Geitand. 
U.S. patent 4.888,818. Guklance for selecting a PGR reaction buffeis and nucleoside 
triphosphate mbces for particular embodiments can be found in Innis et al. Editois, PGR 
Protocols: A Guide to Methods and AppUeaUons (Academic Press. New Yoric. 1890). A typical 
10X PGR readion buffer comprises 15 mM MgGl2. 500 mM KGI. and Tris-HGI, pH 8.3. 

Preferably, whenever the kit permits a ligase-based ampUflcation reaction. e.o. as 
disdosed by Landegren et al. U.S. patent 4.988,817 or the nke. the nudeic add ligase is a 
thermostable l^jase. such as disdosed by Banmy, Proc. Natl. Acad. Sd., Vol. 88, pgs. 188-183 
(1981). Guidance for seleding a Hoase-based readion buffer can be found in Landegren et al 
(dted above). Wu et al. Genomics, VoL 4, pgs. 560-569 (1980); Barany (died abova). and 
Nldcerson et al. Proc. Natl. Acad. Sd.. VoL 87. pgs. 8923-8927 (1990). A typical ligation 
reaction buffer comprises 20 mM Tris-HGI, pH 7.8; 50 mM KGI; 10 mM IMgGl2: 1 mM EOTA; 10 
mM NAO*^. and 10 mM dithiothreitol. 

The dye-labelled oligonudeotides of the kit can have a wide range of lengths, but 
preferably their length are in the range of 6 to 60 nudeotkles. More preferably, the 
oligonudeotides for ligation kits are in the range of 6 to 30 nudeotkles in length, and most 
preferably, the oilgonudeotkles for ligation kits are in the range of 16 to 25 nudeotides in length. 
The particular nudeotMe sequence of the oilgonudeotkles are, of course, dictated tjy the target 
sequences sought to be amplified. In embodiments for PGR amplification, seledion of 
oligonudeotMes for use as PGR primera is well known in the art. e.g. Innis et al (dted alwve). 
Hillier and Green, PGR Methods and ApplicaUons. Vol. 1. pgs. 124-128 (1091), and the like. 

Preferably, in kits for ONA sequendng wherein dye-terminators are provMed, each 
dMeoxynudeoside triphosphate is separately labelled with a dye seieded from the set 
oomprfsing 5- and 6>carboxyfluorescein. 5- and 6-cart)oxy-4.7-dichlorofluorescein. 2'.7*- 
dim thoxy-5- and 6-cart>oxy-4.7-dichloronuorescein. 2'.7*-dimethoxy-4'.5'-didtloro-5- and 6- 
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carboxyfluorescein. 2-.r-difn«thoxy-4'.5--dlchlort>-5. and 6<art)oxy-4.7-<Jlchlorofluofescaln. 
r.2',7'.8'-dlben20.5- and a-cait)oxy-4.7-dichlorofluorescein. r.2'.7'.8'-dlb«n2o-4'.S'^Jchlof0.5- 
and e^fboxy-i.T-dlchlorofluorescoin. r.T-^lchloro-S. and »<arboxy-4.7-dlclilorofIuor»sceln. 
and 2'.4'.5'.r-letracWoro.5. and 6-cart)oxy-*.7^ichloronuoresceln. More preferably, 
dideoxythymidlne triphosphate is rebelled vvtth 6K»rt)oxyfluorescein fS-FAM^. dideoxycytldine 
triphosphate is labeUed \with 2'.4'.5'.7'-tetrachloR>>5-carboxynuorescein CS-ZOET). 
dideoxyadenoslne triphosphate is labelled with 2'.4',5'.r^etrachloro-4.7-dlchloro.5. 
carboxyfluorescein fS-HEX^. and dideoxyguanosine triphosphate is labelled wHh V ^.r,8'- 
dlbenzo-4.7-dichioro.5<art)oxyfluorescein CS-NAN'). K is underetood that dideoxyadenosine 
Includes 23'-dideoxy-7-deazaadenosfne and dideoxyguanosine includes ^.y^eoxyw?. 
deazaguanosine and 2'.3'K«deoxy.7^azainosine. and dideoxythymidlne includes 2".3'- 
dldeoxyuridlne. Usually, the dideoxynudeoside triphosphates are labelled by vray of a linking 
group. Preferably, the Uni(inggrouplinlcsa5cart)onofthe2'.3mideoxycytidineor2',3*. 
dideoxyuridlne to a S or 6 carbon of a dye. and the linkino Oroup llnics a 7 carbon of the Z,r- 
dkleoxy-7-deazaadenoslne or 2'.3'-dWeoxy.7^uanoslne or2'.3'-dkieoxy.7-deazalnoslne to a 5 or 
6 cartx}n of a dye. Preferably, the linking group is cartxixyamlnoalkynyt. and most preferably, 
the linking group Is 3-cartx>xyamlno-1-propynyl. 

Preferably, in kits for DMA sequencing wherein dye4emfiinatora are provkfed. the nucleic 
add polymerase is Sequenase*"^. 

^ Example 1 

4.7-dichloro-g^«nd 8-le«>hoxvfluow«e«ln P'Al 
0.58 g of 3.6slichk)rotrimeillUc acM. 0.72 g of resorcinol. 0.5 ml concentrated sulfuric 
add. and 3 ml of propkNite add %vere refluxed 12 hours under argon. The reaction mixture was 
poured into ISO mi waten the predpitate was dried, taken into 3 mi pyridine and acetylated with 
!S 2 ml aoette anhydride fbr 1 hour. The acetytathm mbdure was taken into 100 ml ethyl acetate, 
waahed with 1 N hydrochloric add. water, and evaporated to dryness. The reskfue was placed 
on 15 grams of silica gel and eluted %vith 50 mi ethyl acetate, then 4:1 ethyl acetate:methand. 
Fractions containing UV active material with Rf of about 0.2 (4:1 ethyl acetate:methanol/Wtea 
geo were evaporated to dryness. This resMue was dissoh^ed in 10 mi methanol and then 1 ml of 
4 N sodium hydroxkie was added. After 10 minutes, the reaction mbdure was diluted to 200 ml 
vWth water and then 0.5 ml of concentrated hydrochloric add was added. The total mbdure «ms 
extraded with 200 ml of ethyl acetate, after which the ethyl acetate was dried with sodium 
sulfate and evaporated to dryness yieMing 102 mg of yellow^reen sdkJ. 
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Example 2 
4.7-dlchloro-8-<and t.\ caffao«vfluarty^f 
N-llvdrOKV«uceinimid« IMHSt mmtmr 
13.7 mg of fluorascain from Example I. 3.3 mg of 30NHS. 8.4 mg OCC . and 1 ml athyl 
aealala wara stirred O.S houis. The solid was flKared. and the supernatant was washed three 
times wKh 1:1 brine^Mater. dried with sodium sulfate, and evaporated to dryness yielding 15 mg 
of NHS aster. 

Example 3 

Conluortlon of 4.7-dichioro^and S-i«>fao«vfiuor»*^ln 
wHh amlnoailcvtoll«ionuel««Hrf— 
S mo of Nl« ester from Example it wera dissolved 5ln 20 ul of DMSO: 3 ul of tMs 
solution were added to a solution oonsisUno of 20 ul of 1.0 mM S'-anrinohagcylphosphata 
oligonucieotlde (an 18-mei) in water and lOul of 1 M sodium liicaiboiMta/todlum carDonate 
tMiffer. pH 0.0. After one hour in the dar1c,the solution was passed threuoh a 10 ml Sephadex 6- 
25 (medium) column with 0.1 M triethylarhmonium acetate buffer, pH 7.0. The band of ootorad 
material ehiting in the exclusion volume was collected. Reverse phase HPLC showed two nui|or 
fluorescent peaks, corresponding to the 5- and 6- isomers of the dye conjugated onto the DMA. 
The peaks were collected, and the fluorescence spectra In 50% urea at pH 8.0 showed fia %vldlh 
at iMlf max of 34 nm with the emission maxima at 528 nm. 

Example 4 
r.r-dlmethoxv-g^and e.Wartio«/ 
4.7-dlchlorefluofMeein raUBn 
The procedure of Example I was followed except that the fbOowing matarfals and 
quantltlas wore substituted: 1.47 g 4-methoxyresorcinol. 0.80 g of 3.a-dicMoreirimellltie add, OJt 
ml concentrated sulfuric acM. and 4 ml propionic add. The procedure yiekJed 0.180 g of 4.7- 
dichk)ro>2',7'-dimethoxy^5-(and 8-)cartoxyfluorescein. 

Example 5 
y.r-dlmethoxv-BWand S-teartioitv 
4.7-dlchlorofluora«c«ln MHS eater 
18 mg of this dye NHS ester were prepared as in Example 11 using 18 mg of dye ftom 
Example IV. 3.5 mg NHS. 8.4 mg DCC. and 2 ml ethyl acetate. 
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ExampI • 

ConiuQation of 4.7^ichioro-r,r^lm#thi>«v 
S4«nd •^IcarboKyfluonacaln with afntno« 

■IKYl9Ha9nwlwtW< 

The procedure of Example III was fMlowed using the dye NHS ester of Example 
V. The fluorescenoe spectra of the two peaks collected during reverse phase HPLC showed full 
widths at half max of 37 nm with emission maxima at 544 nm in S0% urea at pH 8^. 

Example 7 

y,r^lmethoicvavr^lchloro-a4and 

(h)«rfr9WY"4J'tftffhl9rgflw9rw9f In nwi 

This dye wbs prepared from the dye of Example IV and sodium hypochlorite in aqueous 
sodiian hydroxide. 

Example 8 

Kfln<l »-Kflr«?9?tYny9rw9ln NH? 9tt>r 

1.1 mg of this dye NHS ester was prepared from 0.7 mg of the dye Itanfi Exanriple Vll. 
0.4S mg of NHS, 0.7 mg DCC, and 0J2 ml ethyl acetate as In Example 11. 

Examples 

g9nlw«ttl9n 9f 4.7-<H9tH9r9-yir-<ifin9ttt9wr 

4\Mchiore-84and a^lcartioxvfiuoreacaht 
with aminoalicvioiiQonucia<itidaa 
The dye oligonucleotide ooi^ugate of this example was prepared as in Example Hi using 
tlie dye NHS ester firom Example Vlli. Ttie fluorescence spectra of the two peaks ooOected 
during reverse phase HPLC showed full widths at iialf max of 38 nm with emission maxima at 
558 nm in 50% urea at pH 8.2. 

Example 10 

dichlorofluoresceln TNAN^ 
Hrst, 3.6-diciilorotrimellitic acid trichloride was prepared: A mixture of 0.5 g of 3.0* 
dichiorotrfmeilltic add and 1 .3 o of phosphorous pentactiloride was heated at 130oc for 40 
minutes. Tlie mixture was cooled to room temperature and poured int ice. The mixture was 
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then •xtrict«d vMtth 40 ml ethar. the oryanic fraction was washed Mea witti 15 ml water, dried 
iMth MQS04. end concentrated to a clear oil (0.7 g). The add trichlorfd was used without 
furthf purfficaticn. NAN was prepared as follows: A mixture of 2.7 o of 1 > 
dUiydroxynaphthalene. 2.84 g of 3.6^ichlorotrimellltlc add tridiloride. and 8 ml of propionic add 
vws rafluxad for 2 hours. Water (50 ml) and ethyl acetate (50 ml) were added. The layers w«« 
sepafBlad and the organic layer was extracted three times with 50 ml ofi M NaHCOa. The 
aqueous soluUon was heated to boiling and acidified with concentrated HCI. The r«suttino rad 
solid (0.2 0) was flltered and dried. 



Example 11 

e-k:affao«va.7wiiehi««»fly«M»«i»in fftftfl'^ 
20 mg of NAN. sodium hydroxide (34 ui of a 15% solution), water (1 mO. and sodium 
hypochlorite (170 ui of a 5% solution) were combined. Reverse phase HPLC showed t2% 
15 reaction. The solution was acidified with HCI. extraded with 20 ml of ethyl aoetate. dried 

(Na2S04). and concentrated to 20 mg. The solid was purified by chromatography on a siilea gel 
column (1- diameter x r height), eluting with 600:00:16 methylene chloride:methanoi:aoetie 
add. The dye solution was concentrated, and dHute HCI and ethyl acetate added. Theorganic 
phase was dried (Mg804) and concentrated to 20 mg of DEB. 

Example 12 
FonnaMon ofi- yr.f'i Ubenzo^anil 
fr-)MrlM>XV».7-dlChlorDfluorMe*ln MHa 

NAN (10 n«) was dissohred in 2 ml Of ethyl acetate, and NHS (10 mg) and OCC ^ mg) 
was added. Alter 20 minutes, the soluUon was darfc red m color and a CfystaHine solid appeared. 
Thin layer 5chromatography on a silica gel using 600:60:16 methylene chloride:methanol:aoelie 
add showed complete conversion to the NHS ester. The ethyl acetate solution was washed with 
dilute HCI. dried (NaS04) and concentrated to a red solid (15 mg). 

^ Example 13 

Using ALF- BUB-. LQU. .nd MAM- 
OHaontiCleotide coniuoatee a« thfmJMhmt^ 
primers in DNA aaoua nce anaiv«i« 

An all-fluorescain set of dy s was used to label DNA fragments in the chain temtinaUon 
approach employing the Applied Biosystems (Foster City. CA) IModel 37QA automated DNA 
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saquancar. The manufacturer's protocol (Usar Bullatin ONA Saquancar Modal 370. Issua No. 2, 
August 12. 1087). which is Incorporated by reference) was followed for amplification of the 
unknown ONA in M13 and preparation of separately lat>eied ONA fragments for gel 
electrophoretic separation. Oye-iat>eled primers were prepared as described in the examples 
alMve. That is, NHS e^ers of the respective dyes were prepared and reaped with the S*- 
aminohexyMerfvatized M13 universal primer (5^TCCCAGTCACGACGTTGT-30 to fbmn the 
dye-labeled primers for the four separate dideoxy reaction mbdures. The followfng modifications 
were made to the standard protocol: S-cart)oxy-4 J-dichlorofluorescein labeled the primer in ttie 
dideoxycytidine reaction, 2'.7'-dimethoxy*5-cartx>xy-4,7-dichlorofluoresoein lal)eiM the primer in 
the dideoxyadenosine reaction. Z.rw]imethoxy-4\S*-dichioro-e-caitoxy-4 jHlichiorofliJoresoe^ 
labeled the primer in the dideoxyguanosine reaction. r.2'.r.r-dibenzo>S-cartMUcy-4.7* 
dIchiorofluorBSceIn labeled the prinner In the dideoxythymidine reacBon, labeled DNA fragnnefils 
firom the respective reactions were comlrined in the following molar ratios for loading onto the 
gel: 1:1:4:2 ddC raaction:ddA reaction:ddG reaction:ddT reaction, and detection was 
accompltehed wHh a modified filter wheel using 10*nm bandpass filters centered at 535, 550, 
565, and 580 nm. 

Example 14 
Ualno ALF-. BUB>, DEB^ and MAN- 
oHflonuclai>Hda conluoatea as dve^beled 

prfmgf? fn PNA T^qviOTg» drwlv??^ 

The same procedure was followed as descrit)ed for Example XIII, except for the 
following: (0 1*,2'.r,8*-dibenzo-4\5'^lIchloro-5H»boxy-4.7-dlchlorofluo^ labeled the 
primer in the dideoxyguanosine reacUon, 00 labeled DNA fragments flnom the respecth^ 
reactions were combined In the following molar ratios for loading on the gel: 1 :1 2:15 ddC 
raactlon:ddA rBaction:ddG reacUon:ddT reaction, and 0ii) 5 nm bandpass filters were centered at 
540, 560, 580, and 61 0 nm. 

Example 16 

y.r^lchtoiti-6-land aWearbeicv-4,7^lchlorofluoresceln r5-fand S-ITFTn 
A mixture of 4-chlororesorcinol (10 g). 4.7-dichlorotrimeilitlc acid (10 g), and 
methanesuifonic acid (30 mL) were combined and heated to 140^0150^0 for two hours. The 
red mbdure was poured into water (100 mL) and extracted wfth ethyl acetate (100 mL). The 
oiganic phase was washed twice with dilute aqueous HCI and concentrated t a gold-brown solid 
(10 g). Pyridin (40 mL) and acetic anhydride (10 mL) were added to the solid and the mixture 
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rafluxad for 0.5 hours. Tho sohilion was allowed to oool for 1 hour at 49c. 

Crystals wsrs ssparatad by filtration to yiald a while solid (S.4 g). Hydrolysis of a small 
portion (l)y addition of 0.02 mL of 0.1 N NaCi and 0.02 mL of sthanol to 2 mo solid) foUowod by 
analysto on nsvorse phase HPLC showed that ttM solid contained a 92:8 ratio of Isomers (0* 
Gartio)qfTET:S*earbo)q^TET). A second recryslallitatlon provided needy Isomerically pure dye as 
the diacetate (00:1 mOo). 5-TET can be recovered firom the (Utrate by hydrolysis of tho diacetale 
ftorm of 5-TEr ftoHowed by rBcrystalllzatlon ftam acetonitrfle. 

Sodium hydroxide (3 o) and water (10 mg were edded to e>TET diacetate (8.0 
O)(obiained as the first of two peaks off the HPLC column). Additional «vater (50 ml^ %vas added 
until the solution become homogeneous. To the dark red solution «vas added concentrated HCI 
(ISmlO. A yeltow precipitate formed. The nUxturevves extracted with ethyl acetate (1 00 mt^. 
The orgenic layer was concentrated to a pale yeliow. neerty cotorlees soiki (7.4 g of 8-TET). 



Example 16 

2'.4'.8*.r-teti»chloro^and 8-lcartx»Kv4.7wilehio«pfp^1ffntfftff|p rg. and ajjgyi 
To a 1-liter Erienineyer flask equipped %vilh a inagnetie Stirring bar %vas added 5- or 0> 
TET C8.30) and 1 Meaibonaia/biearbonale buffer at pH 9.4 (80 mg. HousehoM bleach (sodhm 
hypochk>rfte. 50 mL) was added dropwise over 20 minutes. The progress of the readkm was . 
mon i tored by reveree phase HPLC. A total of 07 mL of bleach %was added. Hie solution was 
addifled with concentrated Ha (15 mL) and extracted wHh tOi^ acetate (100 mL). The organic 
phasewascmcentratedto a briOhtyeikMrsfrikl (7.30). '^H NMR (jMISO-de) 88.1 (IH): 7.4 C2H). 
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